We have investigated contamination of extradural catheters during normal handling with starch powdered gloves. In the laboratory, extradural catheters were handled in sterile fields with both powdered and non-powdered gloves, simulating preparation for patient insertion. The catheters together with glove samples were then examined using a Zeiss 940 scanning electron microscope. Microscopy of samples revealed starch contamination of the catheters handled with powdered gloves, especially in the side hole areas. We conclude that extradural catheters may be contaminated easily by starch powder from surgical gloves. This powder may then be deposited into the extradural space. The effect of starch in the extradural space is not known but starch is known to cause inflammatory and granulomatous reactions in other parts of the body as well as being directly allergenic. Powder contamination of catheters may be avoided easily by the use of powder-free gloves and we feel that these should be used whenever possible. (Br.
Surgical gloves are produced by a large number of different manufacturers. Some gloves, often the cheaper types, are powdered with starch to aid donning. In the interests of economy, such gloves are often supplied in operating theatre scrub rooms, labour wards, intensive care units and other areas in which sterile gloves are worn. The hazards of surgical glove dusting powders have been well described [1] . They may cause not only formation of granulomas, but also bind to latex proteins in the glove [2] , resulting in an increased potential to act as an allergen. The ingress of such foreign bodies and allergens into the extradural space may occur if powdered gloves are worn during extradural catheter insertion. The aim of this study was therefore to demonstrate that glove powders may contaminate extradural catheters during insertion.
METHODS
In the laboratory a 16-gauge extradural catheter (Portex) was handled in a sterile field simulating preparation of a catheter for patient insertion. The operator was wearing powder-free gloves (Regent Biogel). The catheter was threaded through a Tuohy needle after which the tip of the catheter was removed with forceps and scissors, cleaned previously with chloroform and blown dry using a "dust off " clean air gun. The process was repeated using a second catheter and sterile field. On this occasion the operator donned powdered sterile gloves (Regent Dispo). An extradural catheter which had been removed from a patient was also examined. This catheter had been used for a period of 26 h for pain relief after abdominal surgery and was known to have been inserted by an operator wearing powdered gloves. In preparation for scanning electron microscopy the catheter samples were inserted into holes pre-drilled in an aluminium specimen stub and cemented with colloidal graphite. Samples cut from each glove were then mounted on stubs using double-sided adhesive tape. The stubs were sputtercoated with a conductive layer of gold and examined in a Zeiss 940 scanning electron microscope at 20-30 kV.
Results
Scanning electron microscopy showed the surface of the powder-free gloves to have a granular appearance, while the starch-treated glove revealed a granular surface covered with partially embedded crystalline deposits and starch grains ( fig. 1 ). The starch grains were present either as single grains with a mean size of 14.6 m or in aggregated form with a mean aggregate size of 34.2 m. The extradural catheter handled with the powdered gloves was seen to have similar sized starch powder deposits on the outer surface with concentrated areas around the side holes and other surface imperfections. Further examination of the side holes and lumen of the starch-contaminated catheter showed clearly the powder situated ideally to be washed into the extradural space when local anaesthetic agents are injected through the catheter. Examination of the catheter which had been sited in a patient by an operator wearing powdered gloves and removed after 26 h showed starch grains associated with fibrin strands inside the catheter.
Discussion
The use of powerful antiseptic agents in the late 19th century necessitated the use of surgical gloves to protect the hands of the operating surgeon and assistants [3] . Initially these gloves were sterilized by boiling and donning while wet but the advent of dry sterilizing produced gloves which were much more difficult to put on. To overcome this problem the gloves were powdered, initially with lycopodium (spores of club moss) and then by talcum powder (hydrous magnesium silicate, calcium magnesium carbonate and calcium magnesium silicate), or a mixture of both. In 1933 Antopol [4] described the operative findings of foreign body granulomas containing lycopodium spores and there followed subsequently a stream of reports in the literature describing both talcum powder and lycopodium granuloma formation in a variety of organs. Studies of intraperitoneal injection of talcum powder in animals confirmed the formation of granulomas, including studies in rabbits [5] which showed that talcum powder in the eyes produced inflammatory reactions with the presence of foreign body giant cells. To try and overcome these problems, other glove lubricants were investigated. Lee and Lehman reported the use of maize starch powder in 1947 [6] , and it is this powder that is in use today, treated first with epichlorhydrin and then mixed with 2 % magnesium oxide as a desiccating agent and marketed as Biosorb. However, in 1955 wound granulomas caused by starch powder were described [7] and numerous similar reports from all over the world have been reported since then. Again, animal studies have also demonstrated granulomatous reactions to intraperitoneal starch powder [8] .
In addition, glove powders not only induce inflammatory responses but may also be directly allergenic. Turjanmaa and colleagues [9] showed that patients with latex sensitivity had serum IgE which reacted with glove powder extracts and also with glove extracts. Beezhold and Beck [2] have used antiserum for latex proteins to show that glove powders do in fact contain and bind latex proteins. Such latex protein-starch particles represent complex protein-polysaccharide antigens and as such may be more immunogenic than simple antigens [10] with greatly increased allergenic potential.
Our study has shown that glove powder was transferred readily from sterile gloves to extradural catheters. The starch may then be transferred to the extradural space during catheter insertion. The effects of starch in the extradural space are not known but from the evidence above it is likely that its effects are undesirable, possibly leading to granuloma and adhesion formation in the extradural space which may perhaps in turn be responsible for failed or patchy block in subsequent repeat extradural anaesthesia. Washing the powder from the gloves with saline is not only ineffective [11] but also impractical. Other more successful techniques such as washing with povidone-iodine solution [12] may lead to chemical contamination of the catheter. In recent years, great lengths have been taken to avoid the introduction of foreign bodies into the extradural space. Filter needles and plastic ampoules have reduced the problems of particulate and glass fragment contamination of local anaesthetic solutions. The use of powder-free gloves may reduce contamination of the outer surface of extradural catheters during normal handling and insertion.
